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plantaris; red and white muscle fibers; muscle fiber cross-sectional areas; muscle fiber per plantaris cross section THE ADAPTIVE CHANGES that occur in skeletal muscle fibers when animals are exposed to regular daily bouts of lowtension : high-repetition exercise, such as endurance running, have been described in detail. Compared to controls, the plantaris and/or gastrocnemius muscles of trained animals have a larger portion of the muscle cross section composed of red fibers (1, 2, 5 ) and a greater capacity for oxidative metabolism (14) . We have reported a loss of 20 % of the fibers in the plantaris cross section when young guinea pigs were restricted to cages for 8 weeks (5). We did not observe any further change in the number of fibers per plantaris cross section (9,000) with aging from 14 to 50 weeks or with the training of mature guinea pigs (5). Daily running on a motor-driven treadmill resulted in a retention of the initial complement of about 12,000 fibers. The plantaris of trained guinea pigs was the same weight and had the same cross-sectional area as the controls, but the mean fiber area was 28 % smaller. The area of diaphragm muscle fibers was not affected by training, but 87 % of the fibers were red compared to 7 1% in controls (11). Endurance training clearly induces significant adaptations in the histochemical and biochemical characteristics of muscle fibers.
The first study of detraining was Secher's (14) investigation of the effect on the heart weight:body weight ratio of rats of a return to inactivity following 60 days of training. The plantaris and diaphragm muscles were excised and weighed.
The total plantaris muscle was quick-frozen in acetone and Dry Ice (-70 C) and a cross section was cut from the thickest part of the frozen muscle. In the diaphragm, a small sample removed from the right ventral portion (11) was frozen. In a cryostat, 14-p sections were cut from both muscles. These sections were mounted on a cover slip and incubated for succinic dehydrogenase (SDH) activity (12 The percentage of red fibers in each muscle was calculated relative to the total number of fibers. The number of fibers magnified X960 which appeared in a l,OOO-cm2 area was counted.
The mean of four sites was used to estimate the fibers per square millimeter for a given plantaris cross section. Invariably, some portion of a muscle cross section is lost when the frozen section is cut. Since the cross-sectional area of the plantaris of trained and control guinea pigs is proportional to muscle weight, the crosssectional areas of plantaris muscles that were excessively damaged during cutting were corrected on the basis of the weight of the muscle (5). This estimate of plantaris crosssectional area will likely underestimate the true area of the muscle but probably does not introduce a bias. The fibers per plantaris were calculated from the per square millimeter and the estimate of the plantaris cross section. The data obtained on the detrained guinea pigs were compared to the data we have published previously on control guinea pigs of comparable age and weight and on trained guinea pigs (5, 11). Differences were determined by a t test of the difference between the means of the detrained and trained guinea pigs and between the means of the detrained guinea pigs and the means of control guinea pigs of comparable age (P < .05).
RESULTS
Data on the control, trained, and detrained guinea pigs of various ages used to investigate differences in the plantaris are presented in Table 1 . No significant differences appeared to exist between the 4-and the 8-week-detrained animals except for a weight gain of 260 g. The data on the 4-and 8-week-detrained guinea pigs were pooled to permit statistical analysis (Table 1 , Fig. 1 ). Data on the animals used in the study of the diaphragm are in Table 2 (Table 2 ).
In Fig. 2 period, the mean fiber areas of the plantaris of the young guinea pigs in the forced-exercise group increased at a much slower rate than controls (Fig. 2) . During the 16-week detraining period, the area of the plantaris fibers increased to equal the fiber areas of mature controls.
The histograms for the red-fiber and white-fiber areas of plantaris muscle from control, trained, and detrained guinea pigs indicate the shifts in absolute numbers of each type of fiber that occur with detraining (Fig. 3) . Fourteenweek-old trained guinea pigs have approximately 7,100 red fibers and 4,400 white fibers in the plantaris cross section compared to 4,600 and 4,900, respectively, in that of the controls. During the first 4 weeks of detraining, the number of red fibers decreased by 1,600 and the number of white fibers increased by 1,000, for a net loss of 600 fibers. An 
DISCUSSION
The concept of the reversibility of the changes induced by training, first postulated in the 192Os, was based on the regression of heart weight back to normal following the cessation of training (14, 15) . Our data on the effect of detraining on muscle fiber area, the percentage of red fibers, and the number of fibers per plantaris cross section support the concept of a gradual return of most variables back to control values.
In the plantaris only the muscle weight was significantl) different in the 30-week-old 16-week-detrained guinea pigs compared to the 30-week-old controls. Since there was little overlap in the muscle weights of the two groups, the heavier plantaris in detrained guinea pigs appears to be a real phenomenon. The number of fibers per plantaris cross section was the same in both groups, but the slightly (350 p2) larger mean fiber area in detrained animals, multiplied by 8,500 fibers, accounts for the 18 % heavier plantaris muscle. The difference in plantaris weight between detrained and control guinea pigs was even more remarkable because no difference in muscle weight was observed between trained and control animals. Unlike the plantaris, in which the percentage of red fibers decreased from 62 to 48 % after 4 weeks of detraining, the red fibers in the diaphragm did not change significantly during 16 weeks of detraining.
Since the percentage of red fibers in the diaphragm decreased from 87 % in 6-week-old controls to 71% in 14-week-old controls, it appears that the red fibers of the diaphragm are capable of a more rapid shift to white fibers than evidenced in detraining. We conclude that the ventilation of the guinea pigs during the detraining period must be altered in a way that increased the metabolic activity of the diaphragm fibers. The effect of changes in the habitual level of physical activity on motor units composed of red fibers is different from that on motor units composed of white fibers (9). The stimulus intensity necessary to depolarize a motoneuron to threshold is a direct function of the axon diameter (9).
We have reported previously (5) a loss of nearly 3,000 fibers from the plantaris cross section when 6-week-old guinea pigs were restricted to living in small cages. We hypothesized that restriction of young guinea pigs to a small living area results in insufficient stimulation to sustain all motor units. We also observed that daily endurance training prevented the attrition of fibers (5). It now appears that a loss of fibers occurs soon after training is terminated which is similar to that observed with aging. The number of fibers per plantaris cross section of both mature control guinea pigs and detrained guinea pigs stabilizes at between 8,500 and 9,000 fibers. This appears to be the maximum number of fibers that can be maintained by the level of physical activity possible in 35 x 50 cm cages.
These figures for the estimated number of fibers per plantaris cross section are at best a gross approximation of the total number of fibers present in the cross section of the largest part of the muscle. Most of the fibers in the plantaris run parallel to its long axis, but many insert in fascial sheaths short of either the origin or the insertion of the muscle. The anatomy is further complicated by a central fascial sheath which extends two-thirds of the length of the muscle and fuses with the Achilles tendon. Therefore, the estimate provides no direct information of the total number of fibers per plantaris.
The number of fibers in a standardized cross section of the plantaris is likely proportional to the total number of fibers in the plantaris. 
